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(54) High resolution cryosurgical method and apparatus 



(57) A high resolution cryosurgical method and de- 
vice for treating a patient's prostate are provided. The 
method includes the steps of (a) introducing a plurality 
of cryosurgical probes (53) to the prostate, the probes 
(53) having a substantially small diameter, the probes 
(53) being distributed across the prostate, so as to form 
an outer arrangement of probes adjacent the periphery 
of the prostate and an inner arrangement of probes ad- 
jacent the prostatic urethra; (b) producing an ice-ball at 
the end of each of said cryosurgical probes (53), so as 
to locally freeze a tissue segment of the prostate. The 
apparatus includes (a) a plurality of cryosurgical probes 
(53) of small diameter, the probes being for insertion into 



the patient's organ, the probes (53) being for producing 
ice-balls for locally freezing selected portions of the or- 
gan; (b) a guiding element (110) including a net of ap- 
ertures (120) for inserting the cryosurgical probes (53) 
therethrough; and (c) an imaging device (130) for pro- 
viding a set of images, the images being for providing 
information on specific planes located at specific depths 
within the organ, each of said images including a net of 
marks (117) being correlated to the net of apertures 
(120) of the guiding element (110), wherein the marks 
(117) represent the locations of ice-balls which may be 
formed by the cryosurgical probes (53) when introduced 
through said apertures (120) of the guiding element 
(110) to said distinct depths within the organ. 
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Description 

FIELD AND BACKGROUND OF THE INVENTION 

[0001] The present invention relates to high resolution 
cryosurgical method and apparatus which enable to ef- 
fectively and accurately freeze and thereby destroy a 
predetermined portion of a tissue while minimizing dam- 
age to adjacent tissues and organs. 
[0002] Cryosurgical procedures involve deep tissue 
freezing which results in tissue destruction due to rup- 
ture of cells and or cell organelles within the tissue. Deep 
tissue freezing is effected by insertion of a tip of a cryo- 
surgical device into the tissue, either endoscopicatiy or 
laparoscopically, and a formation of, what is known in 
the art as, an ice-ball around the tip. 
[0003] In order to effectively destroy a tissue by such 
an ice-ball, the diameter of the ball should be substan- 
tially larger than the region of the tissue to be treated, 
which constraint derives from the specific profile of tem- 
perature distribution across the ice-ball. 
[0004] Specifically, the temperature required for ef- 
fectively destroying a tissue is about -40 °C or cooler. 
However, the temperature at the surface of the ice-ball 
is 0 °C. The temperature declines exponentially towards 
the center of the ball such that an isothermal surface of 
about -40 °C is typically located within the ice-ball sub- 
stantially at the half way between the center of the ball 
and its surface. 

[0005] Thus, in order to effectively destroy a tissue 
there is a need to locate the isothermal surface of -40 
°C at the periphery of the treated tissue, thereby expos- 
ing adjacent, usually healthy, tissues to the external por- 
tions of the ice-ball. The application of temperatures of 
between about -40 °C and 0 °C to such healthy tissues 
usually causes substantial damage thereto, which dam- 
age may result in temporary or permanent impairment 
of functional organs. 

[0006] In addition, should the adjacent tissues are 
present at opposite borders with respect to the freeze 
treated tissue, such as in the case of prostate freeze 
treatments, as further detailed below, and since the 
growth of the ice-ball is in substantially similar rate in all 
directions toward its periphery, if the tip of the cryosur- 
gical device is not precisely centered, the ice-ball reach- 
es one of the borders before it reaches the other border, 
and decision making of whether to continue the process 
of freezing, risking a damage to close healthy tissues, 
or to halt the process of freezing, risking a non-complete 
destruction of the treated tissue, must be made. 
[0007] Although the present invention is applicable to 
any cryosurgical treatment, discussion is hereinafter fo- 
cused on a cryosurgical treatment of a patient's pros- 
tate. 

[0008] Thus, when treating a tumor located at a pa- 
tient's prostate, there is a trade-of between two options: 
(a) effectively destroying the prostatic tissue extending 
between the prostatic urethra and the periphery of the 



prostate and causing unavoidable damage to the pa- 
tient's urethra or organs adjacent the prostate such as 
the rectum and nerves; (b) avoiding the damaging of the 
prostatic urethra and adjacent organs, but exposing the 
s patient to the risk of malignancy due to ineffective de- 
struction of the prostate tumor. 

[0009] Currently, cryosurgery procedures for treating 
the prostate include the introduction of 5-7 probes into 
the prostate, the probes being typically arranged around 

10 the prostatic urethra such that a single probe is located, 
preferably centered, between the prostatic urethra and 
the periphery of the prostate. The dimensions of such a 
single probe are usually adapted for effectively treating 
the prostatic tissue segment extending from the urethra 

is to the periphery of the prostate, e.g. , a tip of 3 millimeters 
in diameter, generating an ice-ball of 3-4 centimeters in 
diameter, depending on the size of the prostate. Since 
a single ice-ball is used for freezing such a prostatic tis- 
sue segment, the volume of adjacent tissues exposed 

20 to damage is substantially greater than the volume of 
the treated tissue. - For example, if the area of the ice- 
ball in cross section is nR 2 , and an effective treatment 
of at least -40 °C is provided to an area of n(R/2) 2 (in 
cross section), then the area of adjacent tissues (in 

25 cross section) exposed to between about -40 °C and 
about 0 °C is nR 2 - 0.25(nR 2 ) = 0.75(nR 2 ), which is 
three times the area of the tissue effectively treated by 
the ice-ball. 

[0010] The current strategy used for avoiding exces- 
30 sive damage to adjacent tissues is to use such a single 
probe of a smaller diameter producing an ice-ball of 
smaller size, thereby exposing the patient to the danger 
of malignancy. 

[0011] Thus, the prior art methods and devices fail to 

35 provide effective resolution of treatment along the 
planes perpendicular to the axis of penetration of the 
cryosurgical probe into the patient's organ. 
[0012] Furthermore, since anatomical organs such as 
the prostate usually feature an asymmetric three dimen- 

40 sional shape, the introduction of a cryosurgical probe 
along a specific path of penetration within the organ may 
provide effective treatment to specific regions located at 
specific depths of penetration but at the same time may 
severely damage other portions of the organ located at 

45 other depths of penetration. 

[001 3] There is thus a widely recognized need for, and 
it would be highly advantageous to have, cryosurgical 
method and device which provide high resolution of 
treatment along the axis of penetration of the cryosurgi- 

50 cal probe into the patient's organ as well as along the 
planes perpendicular to the axis of penetration. 
[0014] Specifically, there is a widely recognized need 
for, and it would be highly advantageous to have, high 
resolution cryosurgical method and device which enable 

55 to effectively destroy selective portions of a patient's tis- 
sue while minimizing damage to adjacent tissues and 
organs. 

[0015] Furthermore, there is a widely recognized 
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need for such method and device which enable to se- 
lectively treat various portions of the tissue located at 
different depths of the organ, thereby effectively freez- 
ing selected portions of the tissue while avoiding the 
damaging of other tissues and organs located at other 
depth along the axis of penetration. 
[0016] It would be further advantageous to have such 
cryosurgical method and device which three dimension- 
ally map an organ of a patient so as to form a three di- 
mensional grid thereof, and which apply a multi-probe 
system introduced into the organ according to the grid 
so as to enable systematic high-resolution three dimen- 
sional cryosurgical treatment of the organ and selective- 
ly destroy the treated tissue with minimal damage to sur- 
rounding, healthy, tissues. 

SUMMARY OF THE INVENTION 

[001 7] According to the present invention there is pro- 
vided a high resolution cryosurgical method for treating 
a patient's prostate, comprising the steps of (a) introduc- 
ing a plurality of cryosurgical probes to the prostate, the 
probes having a substantially small diameter, the probes 
being distributed across the prostate so as to form at 
least an outer arrangement of probes adjacent to the 
periphery of the prostate and an inner arrangement of 
probes adjacent to the prostatic urethra; (b) producing 
an ice-ball at the end of each of the cryosurgical probes 
so as to locally freeze a tissue segment of the prostate. 
[0018] Some or all of the probes may be distributed 
along the inner and outer arrangements so as to form 
pairs of probes, each pair including an inner probe ad- 
jacent to the prostatic urethra and an outer probe adja- 
cent to the periphery of the prostate. However, since the 
periphery of the prostate is larger than its core, the 
number of probes in the outer arrangement typically ex- 
ceeds the number of probes in the inner arrangement. 
[0019] Preferably, the diameter of the cryosurgical 
probes is between about 0.2 and 1.4 millimeters, pref- 
erably between about 1 and 1.4 millimeters, typically 
about 1.2 millimeters, generating ice-balls of about 2 
centimeters in diameter or less. As used herein the term 
"about 0 refers to + 20 %. 

[0020] The above arrangement of probes ensures the 
formation of at least two adjacent (e.g., close within less 
than about 1 millimeter, tangent or overlapping) ice-balls 
in each prostate section, one being closer to the periph- 
ery of the prostate and the other being closer to the ure- 
thra, each of the ice-balls featuring a diameter of 2 cen- 
timeters or less, thereby ensuring higher resolution and 
less damage inflicted on surrounding tissues. 
[0021] Further according to the present invention 
there is provided a high resolution cryosurgical method 
for treating a patient's prostate, comprising the step of 
inserting at least two cryosurgical probes of a small di- 
ameter into a prostatic tissue segment extending be- 
tween the prostatic urethra and the periphery of the 
prostate, the probes being for producing ice-balls of sub- 



stantially small diameter so as to provide a temperature 
of at least about -40 °C to a significant portion of the 
tissue segment while minimizing the thickness of adja- 
cent tissues exposed to temperatures of between about 

s -40 °C and about 0 °C. 

[0022] Further according to the present invention 
there is provided a high resolution cryosurgical method 
for treating a patient's organ, comprising the steps of (a) 
providing a guiding element including a net of apertures, 

io each aperture being for insertion of a cryosurgical probe 
therethrough into the patient's organ; (b) providing a set 
of images of the organ by using an imaging device, such 
as ultrasound, MRI or CT, the images provide informa- 
tion on specific planes located at specific depths within 

is the organ, each of the images includes a net of marks 
correlated to the net of apertures of the guiding element, 
wherein the marks represent the locations of ice-balls, 
preferably the location of their centers, which may be 
formed by the cryosurgical probes when introduced 

20 through the apertures of the guiding element to the dis- 
tinct depths within the organ; and (c) introducing the cry- 
osurgical probes to selected depths within the organ ac- 
cording to the information, provided by the images and 
generating the ice-balls. 

25 [0023] Further according to the present invention 
there is provided a high resolution cryosurgical appara- 
tus for treating a patient's organ, comprising (a) a plu- 
rality of cryosurgical probes of small diameter, the 
probes being for insertion into the patient's organ, the 

30 probes further being for producing ice-balls for locally 
freezing selected portions of the organ; (b) a guiding el- 
ement including a net of apertures for inserting the cry- 
osurgical probes therethrough; (c) an imaging device for 
providing a set of images, the images being for providing 

35 information on specific planes located at specific depths 
within the organ, each of the images includes a net of 
marks correlated to the net of apertures of the guiding 
element, wherein the marks represent the locations of 
ice-balls, preferably the location of their centers, which 

40 may be formed by the cryosurgical probes when intro- 
duced through the apertures of the guiding element to 
the distinct depths within the organ. 
[0024] Preferably, each of the cryosurgical probes in- 
cludes a Joule-Thomson cooler. 

45 [0025] Further according to the present invention 
there is provided a high resolution cryosurgical appara- 
tus for treating a patient's organ, comprising (a) a plu- 
rality of cryosurgical probes of small diameter for inser- 
tion into the organ, each of the probes including a Joule- 

50 Thomson cooler, the cryosurgical probes being con- 
nectable to a manifold; (b) a manifold for distributing a 
high pressure gas to the cryosurgical probes, the man- 
ifold being in fluid communication with the probes and 
with a high pressure gas source. 

55 [0026] Preferably, the manifold includes a cooling el- 
ement for pre-cooling the high pressure gas flowing to 
the cryosurgical probes. The pre-cooling element may 
include a Joule-Thomson cooler or a cryogenic fluid. Al- 
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ternatively, the pre-cooling element may include an 
electrical cooling element or the like. 
[0027] The present invention successfully addresses 
the shortcomings of the presently known configurations 
by providing cryosurgical method and device which pro- 5 
vide high resolution of treatment along the axis of pen- 
etration of the cryosurgical probe into the patient's organ 
as well along the planes perpendicular to the axis of pen- 
etration. 

[0028] Furthermore, the present invention success- 
fully addresses the shortcomings of the presently known 
configurations by providing cryosurgical method and de- 
vice which enable to effectively destroy selective por- 
tions of a patient's tissue while minimizing damage to 
adjacent tissues and organs. 

[0029] In addition, the present invention successfully 
addresses the shortcomings of the presently known 
configurations by providing cryosurgical method and de- 
vice which enable to selectively treat various portions of 
the tissue located at different depths of the organ, there- 
by effectively destroying selected portions of the tissue 
while avoiding the damaging of other tissues and organs 
located along the axis of penetration. 
[0030] Furthermore, the present invention success- 
fully addresses the shortcomings of the presently known 
configurations by providing cryosurgical method and de- 
vice which three dimensionally map an organ of a pa- 
tient so as to form a three dimensional grid thereof, and 
which apply a multi-probe system introduced into the or- 
gan according to the grid so as to enable high-resolution 
cryosurgical treatment of the organ. 
[0031] The gist of the present invention is the three 
dimensionally controlled high resolution tissue freezing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The invention is herein described, by way of 
example only, with reference to the accompanying 
drawings, wherein: 

FIG. 1a is a graph showing the profile of tempera- 
ture distribution within an ice-ball formed at the tip 
of a cryosurgical probe; 

FIG. 1b is a graph showing the effectiveness of a 
cryosurgical treatment, given in percentage of tis- 
sue destruction, as a function of temperature; 
FIGs. 2a-2c are cross sectional views of an ice-ball 
formed at the tip of a conventional cryosurgical 
probe introduced into a patient's prostate; 
FIGs. 3a-3b are cross sectional views of two ice- 
balls formed at the tips of cryosurgical probes ac- 
cording to the present invention introduced into a 
patient's prostate; 

FIG. 4 is a cross sectional view illustrating the con- 
ventional method for treating a patient's prostate; 
FIG. 5 is a cross sectional view illustrating a method 
according to the present invention for treating a pa- 
tient's prostate; 



FIG. 6a is a schematic illustration of a multi-probe 
cryosurgical device according to the present inven- 
tion; 

FIG. 6b is a schematic illustration of a pre-cooling 
element according to the present invention; 
FIG. 7 is a schematic longitudinal section of a pre- 
ferred cryosurgical probe according to the present 
invention; 

FIG. 8 is a perspective view of a guiding element 
for receiving cryosurgical probes according to the 
present invention, the guiding element being con- 
nected to an ultrasound probe; and 
FIGs. 9 and 10 illustrate a method according to the 
present invention including the steps of forming a 
three-dimensional grid of a patient's prostate and 
introducing cryosurgical probes thereto. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] The present invention is of high resolution cry- 
osurgery method and apparatus which enable to effec- 
tively and accurately destroy a predetermined portion of 
a tissue while minimizing damage to adjacent healthy 
tissues and organs. 

[0034] The principles and operation of method and 
apparatus according to the present invention may be 
better understood with reference to the drawings and 
the accompanying description. 

[0035] Before explaining at least one embodiment of 
the invention in detail, it is to be understood that the in- 
vention is not limited in its application to the details of 
construction and the arrangement of the components 
set forth in the following description or illustrated in the 
drawings. The invention is capable of other embodi- 
ments or of being practiced or carried out in various 
ways. Also, it is to be understood that the phraseology 
and terminology employed herein is for the purpose of 
description and should not be regarded as limiting. 
[0036] Referring now to the drawings, Figure la illus- 
trates the profile of temperature distribution across an 
ice-ball formed at the tip of a cryosurgical probe. As 
shown, the temperature at a surface 5 of the ice-ball is 
0 °C. The temperature declines exponentially towards 
a center 1 of the ball where it preferably reaches the 
value of -170 °C, such that an isothermal surface 7 of 
about -40 °C is typically located within the ice-ball at the 
half way between the center of the ball and its surface. 
Thus, if the ice-ball features a radius R, then the radius 
of the -40 °C isothermal surface 7 is about R/2. 
[0037] Figure 1 b is a graph showing the effectiveness 
of a cryosurgical treatment (given in percentage of tis- 
sue destruction) as a function of temperature. As shown, 
the temperature required for effectively destroying a tis- 
sue is at least about -40 °C. Accordingly, in order to ef- 
fectively destroy a tissue, the isothermal surface of -40 
°C (shown in Figure la) should be placed at the periph- 
ery of the treated tissue so that the entire area of the 
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treated tissue is exposed to at least about -40 °C, there- 
by exposing adjacent healthy tissues and organs to the 
external portion of the ice-ball. The application of tem- 
peratures of between about -40°C and 0°C to such 
healthy tissues usually causes substantial damage 
thereto, which damage may result in temporary or per- 
manent impairment of functional organs. 
[0038] Figures 2a-2c illustrate prior-art cryosurgical 
methods wherein a single cryosurgical probe of a sub- 
stantially large diameter, typically 3-5 millimeters, is in- 
troduced between the patient's prostatic urethra and the 
periphery of the prostate, so as to destroy the prostatic 
tissue extending therebetween. 

[0039] Specifically, Figures 2a-2c are cross sectional 
views of an ice-ball 9 formed at the end of a conventional 
cryosurgical tip introduced into a prostate 2 of a patient. 
The patient's prostatic urethra, rectum and nerves are 
designated as 4, 3, and 6 respectively. 
[0040] A single ice-ball 9 is formed within the prostatic 
tissue segment extending between the prostatic urethra 
4 and the periphery of the prostate 13. The dimensions 
of a conventional cryosurgical probe are designed so as 
to provide an ice-ball 9 having an inner portion 10 ex- 
tending through a substantially significant portion of 
such a tissue segment, so as to apply temperatures of 
between about -170 °C and about -40 °C thereto. The 
application of a single probe for producing a single ice- 
ball 9 imposes a trade-off between several options. 
[0041] Figures 2a and 2b illustrate the tradeoff be- 
tween a first option of avoiding the damaging of the pa- 
tient's prostatic urethra 4 yet damaging nerves 6 present 
close to the periphery 13 of the prostate 2 (Figure 2a), 
and a second option of avoiding the damaging of the 
patient's nerves 6 yet damaging urethra 4 (Figure 2b). 
[0042] As shown in Figure 2a, the isothermal surface 
7 of -40 °C is positioned substantially at the periphery 
1 3 of the patient's prostate 2, such that surface 5 of the 
ice-ball 9 is positioned substantially near the patient's 
urethra 4, so as to avoid damaging of the patient's ure- 
thra 4. Thus, the inner portion 10 of ice-ball 9 effectively 
freezes the peripheral regions (in cross section) of the 
prostate, while outer portion 12 of ice-ball 9 extends 
through the patient's nerves 6. The application of tem- 
peratures of between about -40 °C and 0 °C to the pa- 
tient's nerves 6 may result in temporary or permanent 
impairment thereof. 

[0043] Similarly, when ice-ball 9 is positioned be- 
tween the patient's urethra 4 and rectum 3 in such a 
manner so as to avoid the damaging of urethra 4, the 
application of between about -40 °C and 0 °C to the pa- 
tient's rectum may result in temporary or permanent im- 
pairment thereof. 

[0044] As shown in Figure 2b, the isothermal surface 
7 of -40 °C is positioned substantially near the patient's 
urethra 4 such that surface 5 of ice-ball 9 is positioned 
substantially near the patient's nerves 6 and/or rectum 
3 (not shown), so as to avoid damaging of the patient's 
nerves 6 and/or rectum 3. Thus, inner portion 10 of ice- 



ball 9 effectively freezes the central regions (in cross 
section) of prostate 2, while outer portion 12 of ice-ball 
9 extends through the patient's urethra 4. The applica- 
tion of temperatures of between about -40 °C and 0 °C 
5 to the patient's urethra 4 may result in temporary or per- 
manent impairment thereof. 

[0045] However, none of the alternatives shown in 
Figures 2a and 2b provides an effective treatment (tem- 
perature of at least about -40 °C) to the entire prostatic 
10 tissue segment extending between urethra 4 and the pe- 
riphery 13 of the prostate, thereby exposing the patient 
to the risk of malignancy. 

[0046] Figure 2c shows another possible alternative 
wherein a thicker cryosurgical probe, having a tip diam- 

is eter of between 4 and 6 millimeters is used for producing 
a lager ice-ball, of about 4-5 centimeters in diameter, so 
as to enable effective treatment of the entire prostatic 
tissue segment extending between the urethra4 and pe- 
riphery 13 of prostate 2. As shown, inner portion 10 of 

20 the ice-ball 9 extends through the entire tissue segment 
(in cross section) between urethra 4 and periphery 13 
of the prostate, thereby exposing urethra 4 and nerves 
(not shown), as well as the rectum 3, to outer portion 12 
of the ice-ball 9. 

25 [0047] The thickness (in cross section) of tissues ex- 
posed to outer portion 12 of the ice-ball is about R/2, 
wherein R is the radius of ice-ball 9. Thus, the volume 
of adjacent tissues exposed to damage becomes sub- 
stantially greater than the volume of the treated tissue. 

30 [0048] Thus, the conventional cryosurgical probes 
and methods fail to provide the necessary resolution of 
treatment required for enabling an accurate and effec- 
tive destruction of a tissue while preserving other tissues 
and organs adjacent thereto. 

35 [0049] Figures 3a and 3b are schematic illustrations 
of a cryosurgical method according to the present inven- 
tion, wherein a plurality of cryosurgical probes of sub- 
stantially small diameters are introduced between the 
patient's prostatic urethra 4 and periphery 13 of prostate 

40 2, so as to destroy the prostatic tissue extending there- 
between. 

[0050] As shown in Figure 3a, preferably two probes 
are introduced into a prostatic tissue segment extending 
between the patient's prostatic urethra 4 and periphery 
45 1 3 of prostate 2, so as to form two smaller ice-balls, 9a 
and 9b. 

[0051] According to the configuration shown in Figure 
3a, each of ice-balls 9a and 9b features a radius of R/ 
2, which is half the radius of ice-ball 9 shown in Figure 
so 2c. Accordingly, ice-balls 9a and 9b include respective 
inner portions, 14a and 14b, each having a radius of R/ 
4, and respective outer portions, 16a and 16b, each hav- 
ing a thickness of R/4. 

[0052] Therefore, by introducing two probes of a small 
55 diameters rather than a single probe of a larger diameter 
into the tissue segment extending between prostatic 
urethra 4 and periphery 1 3 of prostate 2, the thickness 
of adjacent tissues exposed to damage is substantially 
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decreased. The specific example of Figure 3a shows 
that the thickness (in cross section) of adjacent tissues 
exposed to between about -40 °C and 0 °C is only R/4, 
which is half the thickness and respectively much less 
the volume (e.g., 8 fold less), exposed to damage when 
using the prior art method (shown in Figure 2c). 
[0053] By further decreasing the diameter of the cry- 
osurgical probes and introducing a plurality of probes 
into the tissue segment extending between urethra 4 
and periphery 13 of prostate 2, the damage to surround- 
ing tissues may be further minimized, thereby improving 
the resolution of the cryosurgical treatment. 
[0054] Another embodiment is shown in Figure 3b, 
wherein two probes are introduced into the tissue seg- 
ment extending between the patient's urethra 4 and pe- 
riphery 13 of prostate 2, so as to form two ice-balls 9a 
and 9b, such that inner portion 14a of ice-ball 9a is sub- 
stantially spaced from inner portion 14b of ice-ball 9b, 
and outer portion 16a of ice-ball 9a partially overlaps 
outer portion 16b of ice-ball 9b, the overlapping region 
being designated as 17. The specific example shown in 
Figure 3b is of two ice-balls each having a radius of R/ 
5, wherein R is the radius of a conventional ice-ball as 
shown in Figure 2c. By using such configuration, the 
thickness of adjacent tissues exposed to damage is de- 
creased to R/5 and the volume thereof is decreased re- 
spectively. It will be appreciated that in the example giv- 
en substantial fractions of region 17, from which heat is 
extracted by two probes, will become cooler than -40 °C. 
[0055] The specific examples shown in Figures 3a 
and 3b are of two ice-balls having tangent and spaced 
inner portions, respectively. However, a plurality of 
probes may be used, each having a distinct diameter, 
the inner portions of which being tangent or spaced. 
[0056] Referring to Figure 4, a prior-art cryosurgical 
method is shown, illustrating the distribution of a plurality 
of cryosurgical probes across a patient's prostate, 
wherein a single probe is introduce into a tissue seg- 
ment extending between prostatic urethra 4 and periph- 
ery 13 of prostate 2. According to such a prior art meth- 
od, about 5-7 probes are introduced into the patient's 
prostate, wherein each of the probes features a diame- 
ter of about 3 millimeters. Figure 4 shows a specific ex- 
ample wherein five probes are introduced so as to form 
five ice-balls having inner portions 10a-10e and outer 
portions 12a-12e. As shown, an effective treatment is 
provided by inner portions 10a-10e, and regions there- 
between marked 19, only to limited regions of the pros- 
tate, wherein the damage caused to adjacent tissues 
such as the patient's urethra 4, rectum 3 and nerve 6b 
by outer portions 12a-12e is considerable. 
[0057] Figure 5 shows a preferred distribution of cry- 
osurgical probes according to a method of the present 
invention. As shown, at least two cryosurgical probes of 
substantially small diameter are introduced into specific 
segments of prostatic tissue extending between urethra 
4 and periphery 13 of prostate 2. Figure 5 shows a spe- 
cific example wherein twenty probes are introduced into 



the patient's prostate 2, including five pairs of inner and 
outer cryosurgical probes located at specific segments 
of the prostate extending from the urethra 4 to periphery 
13, and additional (five pairs in the example given) of 

s outer cryosurgical probes are introduced therebetween. 
The inner portions of the ice-balls formed by the pairs 
of outer and inner probes are designated as 14a and 
14b, respectively, wherein the inner portions of the ice- 
balls formed therebetween are designated as 14c. 

10 [0058] The diameter of a single cryosurgical probe ac- 
cording to the present invention is preferably between 
about 1.2 millimeters and about 1.4 millimeters. 
[0059] As shown, such distribution of substantially 
small diameter cryosurgical probes enables to provide 

is an effective treatment of at least - 40 °C to a larger area 
of the prostatic tissue while substantially minimizing the 
thickness of healthy adjacent tissues exposed to dam- 
age. 

[0060] Thus, a method according to the present in- 

20 vention substantially increases the effectiveness and 
resolution of treatment relative to the prior art method. 
[0061] The pattern of distribution of probes shown in 
Figure 5 includes an inner circle and an outer circle of 
probes, wherein a portion of the probes is arranged in 

25 pairs of an inner probe and an outer probe. According 
to another configuration (not shown), the probes are ar- 
ranged in an inner circle and an outer circle, but not nec- 
essarily in pairs of an inner probe and an outer probe. 
[0062] The probes may be sequentially introduced to 

30 and extracted from the patient's prostate so as to se- 
quentially freeze selected portions thereof. A method of 
quick extraction of the probes without tearing pieces of 
tissue from the patient, which stick to the tip of the probe, 
is disclosed hereinunder. 

35 [0063] The introduction of a plurality of small diameter 
cryosurgical probes improves the resolution of treat- 
ment along the planes perpendicular to the axis of pen- 
etration of the probes into the prostate. However, the 
prostate, as other anatomical organs, features an asym- 

40 metric three dimensional shape. Thus, a specific pattern 
of distribution of probes may provide an effective treat- 
ment to a distinct plane located at a specific depth of 
penetration, but at the same time may severely damage 
non -prostatic tissues located at other depths of pene- 

45 tration. The prior art fails to provide cryosurgical method 
and apparatus which enable high resolution of treatment 
along and perpendicular to the axis of penetration of the 
probes into a patient's organ. 

[0064] According to the present invention there are 
50 provided cryosurgical method and apparatus which en- 
able high resolution of treatment along the axis of pen- 
etration of the cryosurgical probe into the patient's organ 
as well as along the planes perpendicular to the axis of 
penetration, wherein these high resolutions are 
55 achieved by forming a three-dimensional grid of the or- 
gan, preferably by using ultrasound imaging, and insert- 
ing each of the cryosurgical probes to a specific depth 
within the organ according to the information provided 
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by the grid. 

[0065] Referring to Figures 6a, 6b and 7, a cryosurgi- 
cal apparatus according to the present invention in- 
cludes a plurality of cryosurgical probes 53, each having 
an operating tip 52 including a Joule-Thomson cooler 
for freezing a patient's tissue and a holding member 50 
for holding by a surgeon. As shown in Figure 7, operat- 
ing tip 52 includes at least one passageway 78 extend- 
ing therethrough for providing gas of high pressure to 
orifice 80 located at the end of operating tip 52, orifice 
80 being for passage of high pressure gas therethrough, 
so as to cool operating tip 52 and produce an ice-ball at 
its end 90. Gases which may be used for cooling include, 
but are not limited to argon, nitrogen, air, krypton, C0 2 , 
CF 4 , xenon, or N 2 0. 

[0066] When a high pressure gas such as argon ex- 
pands through orifice 80 it liquefies, so as to form a cry- 
ogenic pool within chamber 82 of operating tip 52, which 
cryogenic pool effectively cools surface 84 of operating 
tip 52. Surface 84 of operating tip 52 is preferably made 
of a heat conducting material such as metal so as to 
enable the formation of an ice-ball at end 90 thereof. 
[0067] Alternatively, a high pressure gas such as he- 
lium may be used for heating operating tip 52 via a re- 
verse Joule-Thomson process, so as to enable treat- 
ment by cycles of cooling-heating, and further for pre- 
venting sticking of the probe to the tissue when extract- 
ed from the patient's body, and to enable fast extraction 
when so desired. 

[0068] When a high pressure gas such as helium ex- 
pands through orifice 80 it heats chamber 82, thereby 
heating surface 84 of operating tip 52. 
[0069] Operating tip 52 includes at least one evacu- 
ating passageway 96 extending therethrough for evac- 
uating gas from operating tip 52 to the atmosphere. 
[0070] As shown Figure 7, holding member 72 may 
include a heat exchanger for pre-cooling the gas flowing 
through passageway 78. Specifically, the upper portion 
of passageway 78 may be in the form of a spiral tube 
76 wrapped around evacuating passageway 96, the spi- 
ral tube being accommodated within a chamber 98. 
Thus, gas evacuated through passageway 96 may p re- 
cool the incoming gas flowing through spiral tube 76. 
[0071] As further shown in Figure 7, holding member 
72 may include an insulating body 92 for thermally in- 
sulating the heat exchanger from the external environ- 
ment. 

[0072] Furthermore, operating tip 52 may include at 
least one thermal sensor 87 for sensing the temperature 
within chamber 82, the wire 89 of which extending 
through evacuating passageway 96 or a dedicated pas- 
sageway (not shown). 

[0073] In addition, holding member 72 may include a 
plurality of switches 99 for manually controlling the op- 
eration of probe 53 by a surgeon. Such switches may 
provide functions such as on/off, heating, cooling, and 
predetermined cycles of heating and cooling by selec- 
tively and control lab ly communicating incoming pas- 



sageway 70 with an appropriate external gas container 
including a cooling or a heating gas. 
[0074] As shown in Figure 6a, each of cryosurgical 
probes 53 is connected via a flexible connecting line 54 
5 to a connecting site 56 on a housing element 58, pref- 
erably by means of a linking element 51. Cryosurgical 
probes 53 may be detachably connected to connecting 
sites 56. 

[0075] Preferably, evacuating passageway 96 ex- 
io tends through connecting line 54, such that the outgoing 
gas is evacuated through an opening located at linking 
element 51 or at any other suitable location, e.g., man- 
ifold 55, see below. Preferably, line 54 further includes 
electrical wires for providing electrical signals to the 
15 thermal sensor and switches (not shown). 

[0076] Each of cryosurgical probes 53 is in fluid com- 
munication with a manifold 55 received within a housing 
58, manifold 55 being for distributing the incoming high 
pressure gas via lines 57 to cryosurgical probes 53. 
20 [0077] As shown, housing 58 is connected to a con- 
nector 62 via a flexible cable 60 including a gas tube 
(not shown), connector 62 being for connecting the ap- 
paratus to a high pressure gas source and an electrical 
source. 

25 [0078] The apparatus further includes electrical wires 
(not shown) extending through cable 60 and housing 58 
for providing electrical communication between the 
electrical source and cryosurgical probes 53. 
[0079] Preferably, housing 58 includes a pre-cooling 

30 element, generally designated as 61 , for pre-cooling the 
high pressure gas flowing to cryosurgical probes 53. 
Preferably, pre-cooling element 61 is a Joule-Thomson 
cooler, including a tubular member 48 received within a 
chamber 49, tubular member 48 including an orifice 59 

35 for passage of high pressure gas therethrough, so as to 
cool chamber 49, thereby cooling the gas flowing 
through tubular member 48 into manifold 55. 
[0080] Another configuration of a pre-cooling element 
61 is shown in Figure 6b, wherein tubular member 48 is 

40 in the form of a spiral tube wrapped around a cylindrical 
element 47, so as to increase the area of contact be- 
tween tubular member 48 and the cooling gas in cham- 
ber 49. 

[0081] According to yet another configuration (not 
45 shown), housing 58 includes a first tubular member for 
supplying a first high pressure gas to manifold 55, and 
a second tubular member for supplying a second high 
pressure gas to pre-cooling element 61.. Any combina- 
tion of gases may be used for cooling and/or heating the 
50 gases flowing through such tubular members. 

[0082] Alternatively, a cryogenic fluid such as liquid 
nitrogen may be used for pre-cooling the gas flowing 
through housing 58. Alternatively, an electrical pre-cool- 
ing element may used for pre-cooling the gas. 
55 [0083] Preferably, thermal sensors (not shown) may 
be located within cable 60 and manifold 55 for measur- 
ing the temperature of gas flowing therethrough. 
[0084] Referring to Figures 8-10, method and appa- 
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ratus according to the present invention applies an im- 
aging device such as ultrasound, MRI or CT, so as to 
form a three-dimensional grid of the patient's treated or- 
gan, e.g., prostate, the three dimensional grid serves for 
providing information on the three dimensional shape of s 
the organ. Each of the cryosurgical probes is then in- 
serted to a specific depth within the organ according to 
the information provided by the grid. 
[0085] As shown in Figure 8, an ultrasound probe 1 30 
is provided for insertion into the patient's rectum, ultra- to 
sound probe 130 being received within a housing ele- 
ment 128. A guiding element 115 is connected to hous- 
ing element 128 by means of a connecting arm 126. As 
shown, guiding element 115 is in the form of a plate 110 
having a net of apertures 120, each aperture serves for is 
insertion of a cryosurgical probe therethrough. Prefera- 
bly, the distance between each pair of adjacent aper- 
tures 120 is between about 2 millimeters and about 5 
millimeters. 

[0086] As shown in Figure 9, ultrasound probe 1 30 is 20 
introduced to a specific depth 113 within the patient's 
rectum 3. A net of marks 1 1 2 is provided on the obtained 
ultrasound image 114, the net of marks 112 on image 
114 being accurately correlated to the net of apertures 
120 on guiding element 115. 25 
[0087] Thus, marks 112 on image 114 sign the exact 
locations of the centers of ice-balls which may be formed 
at the end of the cryosurgical probes inserted through 
apertures 120 to the patient's prostate 2, wherein image 
114 relates to a specific depth of penetration 113 of the 30 
cryosurgical probes into the prostate 2. 
[0088] As shown in Figure 9, ultrasound probe 1 30 is 
gradually introduced to various depths 113 of rectum 3, 
thereby producing a set of images 114, wherein each 
image relates to a respective depth of penetration into 3S 
the prostate 2. Thus, each of images 114 relates to a 
specific plane perpendicular to the axis of penetration 
of the cryosurgical probes. 

[0089] The set of images 114 provides a three dimen- 
sional grid of the prostate. Such three-dimensional grid 40 
is then used for planning the cryosurgical procedure. 
[0090] For example, the introduction of a cryosurgical 
probe along a given axis of penetration to a first depth 
may effectively destroy a prostatic tissue segment, while 
introduction of the probe to a second depth may severe- 45 
ly damage the prostatic urethra. 
[0091] Since the ice-ball is locally formed at the end 
of the cryosurgical probe, each probe may be introduced 
to a specific depth so as to locally provide an effective 
treatment to a limited portion of the prostate while avoid- so 
ing the damaging of non-prostatic or prostatic tissues 
located at other depths of penetration. 
[0092] Figure 10 shows the insertion of an operating 
tip 52 of a cryosurgical probe 50 through an aperture of 
guiding element 115 into the prostate 2 of a patient. S5 
[0093] Preferably, a plurality of cryosurgical probes 
are sequentially inserted through apertures 120 of guid- 
ing element 115 into the patient's prostate, wherein each 



probe is introduced to a specific depth, thereby provid- 
ing substantially local effective treatment to distinct seg- 
ments of the prostatic tissue while avoiding the damag- 
ing of other prostatic or non-prostatic tissue segments. 
[0094] Preferably, each of the cryosurgical probes in- 
cludes a scale for indicating the depth of penetration into 
the prostate. 

[0095] Although the invention has been described in 
conjunction with specific embodiments thereof, it is ev- 
ident that many alternatives, modifications and varia- 
tions will be apparent to those skilled in the art. Accord- 
ingly, it is intended to embrace all such alternatives, 
modifications and variations that fall within the spirit and 
broad scope of the appended claims. 



Claims 

1 . A high resolution cryosurgical apparatus for treating 
a patient's organ, comprising the steps of: 

(a) a plurality of cryosurgical probes of small di- 
ameter, said probes being for insertion into the 
patient's organ, said probes being for produc- 
ing ice-balls for locally freezing selected por- 
tions of the organ; 

(b) a guiding element including a net of aper- 
tures for inserting said cryosurgical probes 
therethrough; and 

(c) an imaging device for providing a set of im- 
ages, said images being for providing informa- 
tion on specific planes located at specific 
depths within the organ, each of said images 
including a net of marks correlated to said net 
of apertures of said guiding element, wherein 
said marks representing the locations of ice- 
balls which may be formed by said cryosurgical 
probes when introduced through said apertures 
of said guiding element to said distinct depths 
within the organ, thereby enabling to select an 
appropriate depth of penetration to each of said 
cryosurgical probes. 

2. The apparatus of claim 1 , wherein said imaging de- 
vice is selected from the group consisting of a CT 
device, an MRI device and an ultrasound probe. 

3. The apparatus of claim 1 , wherein said cryosurgical 
probes feature a diameter of between about 0.2 mil- 
limeters and about 1 .4 millimeters. 

4. The apparatus of claim 1 , wherein each of said cry- 
osurgical probes includes a Joule-Thomson cooler. 

5. The apparatus of claim 1 , wherein said probes are 
connected to a manifold, said manifold serves for 
distributing a high pressure gas to said probes. 
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6. The apparatus of claim 5, wherein said manifold in- 
cludes a cooling element for pre-cooling said high 
pressure gas flowing to said cryosurgical probes. 

7. The apparatus of claim 6, wherein said pre-cooling s 
element includes a Joule-Thomson cooler. 



8. A high resolution cryosurgical apparatus for treating 
a patient's organ, comprising: 

10 

(a) a plurality of cryosurgical probes of small di- 
ameter for insertion into the organ, each of said 
probes including a Joule-Thomson cooler, said 
cryosurgical probes being connectable to a 
manifold; and *5 

(b) a manifold for distributing a high pressure 
gas to said cryosurgical probes, said manifold 
being in fluid communication with said probes 
and with a high pressure gas source. 

20 

9. The apparatus of claim 8, wherein said cryosurgical 
probes are detachably connected to said manifold. 

10. The apparatus of claim 8, wherein said manifold in- 
cludes a cooling element for pre-cooling said high 25 
pressure gas flowing to said cryosurgical probes. 

11. The apparatus of claim 8, wherein said pre-cooling 
element includes a Joule-Thomson cooler. 

30 

12. The apparatus of claim 8, wherein a first high pres- 
sure gas is provided to said Joule-Thomson cooler 
of said manifold and a second high pressure gas is 
provided to said Joule-Thomson coolers of said cry- 
osurgical probes. -35 

13. The apparatus of claim 8, wherein said pre-cooling 
element includes an electrical cooling element. 

14. The apparatus of claim 8, wherein said pre-cooling 40 
element includes a cryogenic fluid. 

15. The apparatus of claim 8, wherein said cryosurgical 
probes feature a diameter of between about 0.2 mil- 
limeters and about 1 .4 millimeters. <s 



16. The apparatus of claim 8, wherein each of said cry- 
osurgical probes includes a thermal sensor 

17. The apparatus of claim 8, wherein each of said cry- so 
osurgical probes includes a heat exchanger. 

18. The apparatus of claim 8, wherein each of said cry- 
osurgical probes includes switches for manually 
controlling the operation of said probes. ss 



EP 0 947 172 A1 




10 



EP 0 947 172 A1 



f 10?. <±(A 




11 



EP 0 947 172 A1 



(TIG. 




f JG. 3 ^ 




12 



EP 0 947 172 A1 




13 



EP 0 947 172 A1 




14 



EP 0 947 172 A1 



FIGS 



j^o\ jib 




15 



EP 0 947 172 A1 




16 



EP 0 947 172 A1 




17 




18 




19 



EP 0 947 172 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numbw 

EP 99 20 0974 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate. 


Relevant 


CLASSIFICATION OF THE 




of relevant passages 


to claim 


APPLICATION (Int-CI*) 


X 


US 5 603 221 A (MAYTAL BEN-ZION) 


8,9, 


MO ID 1 / / OO 




18 February 1997 


16-18 




Y 


* column 6, line 25 - line 37; figure 2 * 


10-15 




X 


WO 96 37158 A (CHINN DOUGLAS 0) 


8,17 






28 November 1996 




Y 


* page 8 t line 11 - line 17; figure 1 * 


1,2,4,5 






* page 19, line 6 - line 13; figure 9 * 






Y 


US 5 678 549 A (HEYWANG-KOEBRUNNER SYLVIA 


1,2,4,5 






ET AL) 21 October 1997 






* column 5, line 16 - line 19; figures 2,3 
* 






Y 


US 4 829 785 A (HERSEY DEVIN W) 


10-12 






16 May 1989 






A 


* abstract * 


6,7 






* column 4, line 23 - line 28; figure 1 * 




Y 


W0 98 06339 A (ROWLAND STEPHEN OAMES) 


13,14 






19 February 1998 




TECHNICAL FIELDS 


A 


* page 4, line 17 - line 21; figure 1 * 


6 


SEARCHED (tat.CI.6) 








AA1 D 

AOlo 1 


Y 


US 5 108 390 A (P0T0CKY CLIFFORD E ET AL) 


15 






28 April 1992 






A 


* column 3, line 9 - line 13; figure 2 * 


3 




The present search report has been drawn up for all claims 







Race of search 

THE HAGUE 



Ds to of comptodon of tJ># moicti 

1 July 1999 



Mayer, E 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A ! technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earner patent document, but published on, or 

after the f Oing date 
O : document cited in the application 
L : document died for other reasons 



& : member of the same patent family, corresponding 



20 



EP0 947 172 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCATION NO. 



EP 99 20 0974 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search report 
The members are as contained in the European Patent Office EDP ffie on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

01-07-1999 



Patent document 
cited in search report 



Patent family 
member(s) 



Publication 



US 5603221 



18-02-1997 



NONE 



WO 9637158 


A 


28-11-1996 


CA 


2222045 A 


28-11-1996 








US 


5647868 A 


15-07-1997 








AU 


2763495 A 


11-12-1996 








EP 


0833590 A 


08-04-1998 


US 5678549 


A 


21-10-1997 


DE 


4225001 C 


18-11-1993 








DE 


4325206 A 


03-02-1994 








JP 


6181908 A 


05-07-1994 


US 4829785 


A 


16-05-1989 


US 


4990412 A 


05-02-1991 


WO 9806339 


A 


19-02-1998 


AU 


3948197 A 


06-03-1998 








GB 


2331847 A 


02-06-1999 


US 5108390 


A 


28-04-1992 


NONE 







Sj For more dstaib about this annex : see Official Journal of the European Patent Office, No. 12/82 



21 



This Page is Inserted by IFW Indexing and Scannii 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 



Defects in the images include but are not limited to the items checked: 



ISfl BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




U-ate representations of the original 




O'black borders 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
g/fADED TEXT OR DRAWING 



